The main goal of this paper is to show a link between physicalistic reasoning and management problems, as well as to prove their usefulness for the quantization and computational support of decision-making under the conditions of uncertainty. The study lists a number of management-science topics juxtaposed with models derived from physics and formal descriptions of selected physical phenomena. The descriptions can be used in building models based on analogies with certain issues in management, especially related to the quantitative approach, where the definitions of measure are not well established. The most valuable contribution to management science derived from physical reasoning seems to be the introduction of a widely accepted definition of the managed system from an external and internal observer's viewpoint, and the definition of the state of the system at a given moment in time. The most promising results of the paper include the epistemological ordering, with an acceptable definition of the measure resulting from it. The physical approach offers a possibility of building an epistemological framework for management science, based on the logic of scientific discovery and combining similar results obtained from complementary disciplines, particularly psychology and social sciences.
Introduction
In management science † , an essential element in the progress of knowledge is the ontological description or applicable functional model of social sciences [1] [2] [3] . The epistemology of management science is considerably deregulated, and the few attempts at ordering the existing situation have been rather unimpressive [4] [5] [6] . One of the main reasons for this situation is the low acceptance level of the application of description methods of the entity and the object of management that would be equivalent to the descriptions used in physics or chemistry, where studies of phenomena from an external observer's perspective allow to analyse the micro-macro interactions and to draw certain averages related to the micro state. The above derives from the archetype of a management process, which tends to be associated with the influence of people over people, whereas the physical description of the phenomenon leads to its over-reification, rather unacceptable in social sciences [7, 8] . The classic philosophical * corresponding author; e-mail: tgospo@op.pl † The term, "Management science" is often understood as the quantitative methods and mathematical modeling in management theory, mainly related to operation research (JEL section C). But in this paper, it should be identified more generally, as a set of scientific problems related to business administration, organization development, micro and macro economics, classified by JEL sections C, D, E, M, O, P (see: http://www.aeaweb.org/ journal/jel_class_system.php ).
problem of demarcation in relation to management science is strongly diffused [9] , and the applicability of the principles of the logic of scientific discovery, borrowed directly from physics, is not appropriate in management science [10] . A significant share of the behavioural aspects in management [11] means that, in principle, only very expressive semantic models may be considered appropriate analogies. Economic theories should be judged by three criteria: their congruence with reality, generality, and tractability [12] . This causes a very limited scope of applicability of any precise quantification of economic events related to the future. However, this does not exclude well-estimated forecasts and the use of certain quantified semantic models. Within management science one can, however, determine measurable aspects concerning some interactions between an organization and its surroundings, for which the description of a model may be similar to that used in physics [13] . Management is always related to future events and understood as making certain decisions that lead to the occurrence of suitable processes according to the objective function [14] (the model of semantic interaction), which allows for the measurement of the micro state at the time t 1 and t 2 . This leads to quantitative axiological evaluations but without accepting the philosophy of measurement, as is the case with natural sciences, it is impossible to use some well-matured formalisms direct, such as: the linear vector space [15] , the game theory [16] , the variation methods [17] , etc.
For physicists, management and -more generally--social sciences may be a very interesting field to allocate rational reasoning by analogy and the use of formal models [18, 19] . This conclusion results from the fact that in management the investigations are focused on objects with specific topologies, as well as interactions and development of systems over time. At the same time, there are significant limitations in the applicability of the analogies to natural sciences, a fact that is crucial to bear in mind before any data or inferences can be considered eligible for the conditions to be determined [20] .
Macroscopic characteristics of management
In order to better define the areas for exploration of physical reasoning in management, let us identify some macroscopic properties of management. Management is always related to future events (from the nearest -at the operational level, to the distant -strategic ones); it is performed in relation to resources and organizations, involving changes in quantity, configuration, quality and usefulness; it is available for evaluation in the axiological sense ("good", "bad", "fair", etc.), which in turn requires a system of measurement scales and references; it is directed towards an optimization of a state of the objective, behaviour and interactions in accordance with the minimum or minimax principle in relation to the non-linear problems; it is based on decision making under the uncertainty arising from the fact that the consequences of those decisions relate to future periods of time and changes of the surroundings; and it is involved in an exchange of information or its processing, which releases the execution of the decision process.
Sometimes management can be evaluated quantitatively as a result of the implementation of a specific objective function or time-dependent equation of a state, it can be divided into logical steps or layers, using the reductionistic Cartesian approach for quantification purposes, it can be described in terms of the system (holistic) approach, from an external observer's viewpoint, and it leads to the desired strategic goals at the micro and macro level.
The following hypothesis may be proposed: there is no act of management without creating a mental model of the process in the form of its symbolic image (the representation of an abstract entity) suitable for transmission in a form understandable to the recipient of the information. Therefore, the axiological evaluation of management after a decision has been made, is based on the comparison of the states described by the model before and after the decision. The comparison must be based on the measurement of changes of model parameters or categorized entities, which requires the existence of a suitable measure. No full rationality of measurement in the quantization of social processes is possible because of the arbitrary choice of variables and parameters describing the changes in time. This is the major difference in comparison with the theory of physical measurement, where the objective is independent of the observer and the choice of coordinate systems. Moreover, a good physical experiment is possible to be repeated, which is not true of management. Here, one failed experiment may cause catastrophic consequences, even resulting in the destruction of the managed object.
In experimental mechanics and classic thermodynamics, time-dependent phenomena exhibit a continuous character, which allows to predict the consequences, at time intervals and with a good probability. However, management is divided into time ranges running in a discontinuous manner, and the consequences at a given time form the basis for a decision-making option in the next interval [21] . The optimization of such structures, displaying characteristics of the Markov process, is summarized in the Bellman equation [22] . It bears a strong analogy to the processes in natural science, and justifies the optimization of the operations research methodology in relation to the management of non-linear processes. It should be noted that action-oriented social sciences may also be a good field of the relations described above [23] .
Physicalistic definition of management
The Stanford Encyclopedia of Philosophy states: Physicalism is the thesis that everything is physical, or as contemporary philosophers sometimes put it, that everything supervenes on, or is necessitated by, the physical. The general idea is that the nature of the actual world (i.e. the universe and everything in it) conforms to a certain condition, the condition of being physical. [24] .
A lot of non-univocal definitions of management exist due to this epistemological disorder [4] . What does "management" mean? On the one hand, it can be recognized as an attempt to achieve a certain goal by an organization or group. On the other, it can be understood in terms of the optimization of certain processes, undoubtedly related to the conscious action of man enabling the achievement of objectives the shortest way; or the newsboy problem [25] , where man is neither a subject nor object. One should not ignore the decision-making aspect extending to the future and taking place under the conditions of uncertainty [26] . In this case, the majority of issues relate to human intervention, but there are many exceptions to this rule, e.g. the decision making related to the automatic and intelligent control systems, such as aeroplane steering, cycle production, etc. [27] . Finally, management is also the issue of information processing, without which no management process is possible [13] . Information and knowledge management are subjects of several research disciplines.
An important element in describing the philosophy of management is measurement [18] . While measurable management always leads to estimable results, non--measurable management can only offer axiological evaluations -good or bad, but always strongly affected by subjective aspects. However, the effects of management always lead to a rational figure with a specific semantic interpretation (financial results, levels of market share, loss of personal information, etc.). This is related to the scale definition and measure construction for a given aspect [28] . In other words, management is always an act of creating a managed entity model in the form of its image in the future or its symbolic representation. If the above statement is accepted as accurate, then it influences the definition of a state of the managed object, the description of processes in time, the description of the permitted interactions, macro and micro parameters, etc., which is an interesting field for possible physical metaphors and analogies.
4. Subject and object of management from a physical point of view
The subject and object of management is an important problem in the philosophy of science, causing considerable epistemological controversy. Hence, research based on physical reasoning seems to be a good inspiration, allowing a precise and quasi-formal approach to the subject and object. The term "management" contains about 60 different aspects, including knowledge management, strategic management, etc. It does not seem possible to establish the clear subject and object, but rather a number of definitions for various cases in a more or less formal way.
In physics, one of the main subjects of research is a set of physical objects, either interacting with each other or not. Can we transfer the concept of state from physics to the system of resources of the organization on any basis? According to fundamentalistic epistemologists, there is no impediment to using this neoclassical approach, but not to treating the human being as an axiomatic foundation of the organization. The problem which is not acceptable for many researchers in the humanistic approach is reification, with its total elimination of the unique role of human beings and social aspects. That is exactly where physical reasoning differs from the social-science approach. From the standpoint of physical analogy to the system (many bodies interacting), the human is part of the base resources and his primary role in the organization is not relevant, even though he takes decisions which determine the state of the resources after a certain time. In the physicalistic approach, the state of a managed company at any given moment is determined by the properties of measurable resources, taken directly or through a numerical representation of its properties, e.g. usability, functionality, value, uniqueness, etc. From the ‡ "Aspects" should be understood as all the problems classified by JEL in categories C, D, L, M, O, P.
standpoint of a social science researcher, human subjectivity and its role in the organization, and in particular in the non-measurable categories like happiness, prosperity, creativity and knowledge (identified in terms of human capital) are the most important aspects. The formal, physical approach to management may be adequate for defining the managed entity, understood as a collection of resources with specific characteristics and a general topology. Epistemologically, the inventor using physical reasoning remains in the position of a neoclassical quantitative reductionist, who needs to define and measure the state of the managed system at any given moment. Apart from the problem of the rationality of such an approach, it allows a consistent semi-formal approach to management in terms of transformation from state A to state B in a given space of resources (e.g. utility space in the Debreu sense) [29] and finding the objective function with a suitable numeric representation. Unfortunately, the true complexity of the problem and articulated statements concerning the future with the related boundaries, requires very careful research and estimations of possible uncertainty prior to detailed quantification. Another element which is no less important for the philosophy of management is the isolated observer of the economic or social process. In mechanics, it is either an internal or external observer. There are no restrictions in using the same approach in management. It should, however, be made clear that there are limitations and potential consequences of demarcation. Statistical thermodynamics allows to isolate the motion or interaction components (e.g. helium atoms in closed volume V ) and the description of the system by means of measurable macroscopic parameters such as pressure, temperature and volume. Reasoning along these lines gives good estimations of a micro state from the macro perspective in terms of thermodynamic ontology (a single helium atom in volume V ) [30] . Trying to shift this model onto a set of organizations interacting economically with their surroundings, investigators encounter resistance from the opposite side of the reification and mechanistic approach to the description of management and organization, dealing with the interactions and internal relationships inside the set of resources of the organization, particularly those who do not understand the importance of the philosophy of science arising from the formal rules of the scientific method [10] . Unfortunately, they have a lot of reasons to support their views and only very well-conditioned models based on analogies may be accepted and practically verified.
An example of the macro approach and the role of the external observer in management is the approach of tax authorities. For them, it is completely unimportant what is happening inside the organization. The crucial thing is the countable result of the tax value within a given period of time and the compliance with the applicable business rules. The axiological assessment of management is simplified to the amount of added value generated by the macro system (a set of economic entities). It approxi-mates and legitimizes the physical reasoning related to a collection of black boxes (the organizations) in a given area, forming structures of resources, interacting with each other and with the surroundings [31] . Therefore, physical reasoning has a profound justification in macro management.
Can the approach to a management objective in the micro sense be approached similarly to the micro state in physics? In other words, can we speak of an internal state of the set of resources from the perspective of external macroeconomic data? It might seem that the answer is -definitely not. However, observing research results related to the system approach in organizations, it turns out that an explicit use of the model of the black box controlled by some external parameters may be accepted. Physical reasoning is a vital support for models of quantitative management, expressed in units of capital § . The above induces a discussion on the use of second--order cybernetics and physical models. The construction of self-organizing models of cybernetic systems steered by a finite set of steering parameters assumes that investigators are part of the system, and focuses on the importance of self-referentiality, self-organizing, the subject--object problem, etc. It is an example of self-adaptative management [47] . Also, steering systems with feedback are examples of second-order cybernetics. For physicists, it opens another very important problem: is it possible to describe the managed system by a finite set of current time variables? If some information derives from the past (late or feedback information), the system should also take into account some historical values. This assumption replaces simple differential equations describing the system with integral differential equations regarding time intervals in the (t − t k ) form, where k denotes the values of steering parameters in the k-th subinterval from the past [48] . For physicists, this problem is very interesting due to the definition of the state equation and possible simplifications and boundaries. Also, it is important to fix an acceptable border for time depth influence.
Another important part within the scope of physicists' interest are all types of interactions, from the mechanical to the specific thermodynamic intermolecular interactions. In management, however, we deal with the interactions of an organization with its surroundings, interactions between organizations and some intraorganizational relations. Adding the so-called informal relations, for which the concept of relational capital has no reference to any physical effects, further complicates the issue. Any attempt to quantify the effects of relational interactions leads more or less successfully to the known patterns of semantic modeling and numeric representation. And this is a strong support for the methodology § Capital may be measured in all monetary units, including the theoretically built ones, e.g. PPS; but some economic functions such as Net Present Value (NPV) or Residual Value are also applicable.
of physical reasoning in the processes of quantification of interactions related to management. Most measurable interactions of the organization with the environment are of the economic type, expressed in units of capital. Management should lead to the optimization of interactions with the environment and the stabilization of the equilibrium of the micro-macro balance in the long run. Usually, however, management leads to assumed deviations from the local equilibrium which are results of opportunity and reactions to perturbation signals derived from the surroundings, etc. Therefore, the management of interactions is a compromise between the minimax type derived from the maximization of the objective function of an organization (e.g. profit measured by EBITDA), and the minimization of the risk of the micro balance destabilization in time. A comprehensive approach to non-linear optimization tasks is an excellent source of inspiration in using physical methods of reasoning that can be adopted for management purposes.
In terms of interactions associated with management and the organization, one cannot overlook the way these interactions function. If interactions in physics can be measured by determining the final and initial state, the following question arises: can the same measurement be applied in a given management case, regarding only the initial and final state? Accepting the epistemology built on the RBV (Resource Based View) model of management [32, 33] , it has been proved possible to use linear space formalism and the Debreu utility theory [30] . The same description of the resource state change can be described by a linear operator in Banach space and its set of eigenvalues independent of the way in which the process proceeded [18] . Then the length of the eigenvector becomes a measure, and the state is determined by the coordinates of the base vectors of the utility space. However, there is a serious constraint in establishing the bases of linearly independent vectors (economic categories) and the scale of measurement, preferably a relative. It is difficult to find a better reference to physical reasoning. On this basis, the paradigm of the existence of optimum management was formulated, and research program of "representative management" (in Lakatos' sense) was introduced [9] .
An excellent example of the use of linear vector space methodology in management science is the multicriteria analysis [17] . Some changes in the initial set of variables allow a definition of the operator of changes. The resulting vectors allow their length calculations, and provide supporting information for decision-making. It is a crucial technique for the feasibility studies of investment.
Physics deals with the structure of material systems, which is perhaps more the domain of chemical physics and physical chemistry. However, these sciences overlap, and formal methods are derived entirely from the methods of mathematical physics. Therefore, physical reasoning in the structural studies of atoms, molecules, solids, etc., is fully rational. But can organizations be regarded as structures with specific topologies? In terms of RBV -yes, but not necessarily in terms of social sciences, no matter how the relational connections -the most humane aspect of the structure of the organization -behave in the topology of the network (e.g. peer). Besides, the management aspects concern not only the structure of the organization, but there are also: networking problems and structural aspects of networks, logistic problems (the problem of the shortest path), and the problems of the topology of resources that are typical minimax problems [17] , free from the burden of social problems. They are also measurable, so physical reasoning has full acceptance in those cases, especially in the case of optimization and the use of minimum rules [17] . However, the most interesting relationships seem to be expected in the case of the structure of the organization and its resources. One can talk about a defined topology of resources as they are never random but subject to the rules of counting, optimum distribution and optimum utility. There are relationships between resources expressed by the circuits of documents and organizational structures, process maps, etc. Each act of management leads to changes in the state of resources (capital changes, organizational changes, functionality, etc.) with a varying degree of success. The purpose is usually to optimize but the problem of limited rationality does not always allow to achieve the optimum. And in the topological optimization of resources, one can expect interesting inspirations, derived from the analysis of chemical and physical structures. This research field is not currently exploited, and it seems to be promising for deep analogy forming.
In conclusion, some objectives and subjects of research development in time should be identified. This applies to both physics and management. Physics has developed a formal procedure of building models that quantitatively describe the time-dependent processes, and this manner of reasoning has been assumed by other natural sciences. Part of quantitative models that relate to some aspects of rational management allows the use of physical reasoning regarding the development of the system in time. The condition is to find the objective function and the development of a semantic model of the system managed in time. However, many management problems do not follow the typical quantitative models, as they relate to future events. Moreover, decisions are taken under the conditions of uncertainty, and therefore the probability of errors resulting in the future is rather large. It means that management is looking for efficient and effective models for inference in formal sciences, and one of the processes reducing the uncertainty is the objective function discontinuity in time, as well as the dependence of decision-making for the next subinterval on the results of the previous one. This area of reasoning offers wide room for common forecasting methods and research for analogy-based models.
It may be concluded that management shares some common characteristics with physics, economics and social sciences (especially psychology). However, there exists an area of problems that has no equivalence in any of the sciences mentioned above. These aspects have no measure and are related to social problems such as: organization culture, intellectual capital, knowledge management, etc. What seems the most spectacular in this question is the psychoeconomic research [11] , which in general rejects rationality, measurement and minimum principles in management. It is mainly founded on social processes based on beliefs, credence and feelings, usually resulting in important social and economic changes (e.g. the economic crisis caused by the speculation bubble bursting, and the ensuing catastrophic psychological reactions), which are difficult to forecast and evaluate ex-ante and are mainly derived from the bounded rationality of management decision-making. In this case, physical reasoning is pointless, but it can offer some interesting metaphors (the chaos, complexity and catastrophe theories) widely applied in social sciences with more or less sense [20] . But if for any phenomenon a suitable measure is to be defined, then such a problem may be included in the field that is common with physics -that of reasoning and form accepted by physical methodology.
Selected aspects of management that are interesting for a physicist
The following aspects of management science, for which it is rational to seek analogies, are derived from physics and natural sciences:
1. Description of the organization and its structure (topology and functionality), associated with a macro description of a management entity related to an external observer, or a micro description from the standpoint of an internal observer, analogous to the construction of networks of interacting bodies with a specific topology. Possible macroscopic and microscopic descriptions claim that metaphorical reasoning area. However, there are instances of managed processes where that metaphoric area may be replaced to the inference by analogy (the higher status of common relations). One of the most important examples is the management of information transmission using the criterion of the shortest path. Another good example is the logistic problem [17] . Seeking a numerical representation of a non-mathematical problem is an example of reasoning transferred from natural sciences. A particularly important aspect of the description of the organization is the Resource Based View (RBV) approach [32] , where the organization may be described in a formal mode as follows [9] :
Let there be a given composite entity (structure) S = [U, O, R] determined on economic objects U , called an organization, consisting of:
non-empty set U of objects called Resource S,

indexed set O of operations allowed on set U ,
non-empty, indexed set R of possible relations on set U . Then set S is an economic organization in the resource approach with the defined state of resources at a given moment.
Using the above definition, management can be defined as an action to any change of the state of the set resources U in time, within the operations and relationships permissible on set S. If operating on elements that are isomorphic representations of the defined objects, relations or operations of structure S, some true observation sentences are derived, then the isomorphic set is a model of organization S. This is typical physical reasoning applied to social sciences. The sum of resources with specific activities and relationships forms a formal representation of the organization and allows to introduce its syntactic homeomorphisms expressed in a computer language. A psychological problem for many researchers of the humanistic trend is the issue of the reification of this reasoning. But this is the only method leading to numerical algorithms, and the RBV approach is one of the most spectacular successes of management science [32, 33] .
2. Decision-making under the conditions of uncertainty and the use of fuzzy logic. While in physics the estimation of measurement error is possible on the basis of many repetitions of an experiment or matching results with the formal model to determine deviations, the exact estimation of uncertainty in management decisions (experiment) is not possible with high probability. The process of investment decisionmaking carries a risk that the manager must estimate quite precisely. In this regard, the linear programming approach is the most widely used support of quantitative estimations [17] . Inference on this basis is a good analogy with the methods of linear algebra in physics, in particular the transformation of linear operators in unitary spaces [15] . An important element in distinguishing the management of an organization and supervising the physical process is the ability to make decisions regardless of the rationality and optimization aspects [26] . While in the physical process the principles of minimum energy, minimum path, minimum time and minimum act are the basic laws for a researcher trying to conduct an experiment and discourse, in management the subjective factor allows even serious deviations from the rules to the corresponding real-life processes. Thus, scientific discourse does not cover the relations between social and natural sciences. But it seems logical that the temptation to use the principles of minimum action and maximum effectiveness in the description of economic and social interactions of the organization with the surroundings justifies even some abuse in the absence of any conditions of applicability of the analogy [35, 36] . This applies in particular to the definition of metrics and categories that make up the objective function or the global index, such as usability, functionality or usefulness. In this case, using the experience of physics is fully justified.
Another important question in decisionmaking is related to the threshold level of switching between the choices of options. In physics, switching between steering values is subject to Boolean logic, due to the deterministic description of a state. In management practice, the use of sharp thresholds of switching is rather rare. Decisions based on fuzzy logic thresholds seem the most appropriate. It is observed in the neural network approach supporting decision processes [49] .
3. Business processes and their description (linear and nonlinear). At this point, the analogies between natural sciences and management seem to be the most accurate and reasonable [35, 36] . Assuming that interactions of matter by electrostatic, magnetic and gravity forces are well-described by theoretical physics, it seems to be natural to transfer the suitable descriptions in the form of metaphors or analogies for management purposes. However, an organization representing a management entity may interact with the environment or other organizations in a different way from material objects. Also to be taken into account are the interpersonal relationships, the impact of intergroup context and variability of the environment (e.g. the collapse of the resource set as a result of technological revolution, or lack of interest in a product). The most important problem, however, is to describe the state of the managed entity. What is the state of the organization at any given time? It can be assumed that the set of resources, their value and capacity expressed in the form of a balance description of the organization may be a good initial approximation. But what shall we do with the context, which may change the usefulness of organizational resources in a short time, even in a catastrophic manner? The thermodynamic model of the state description with a few macroscopic parameters appears to be the perfect analogy for economic processes [32] . Physical reasoning leads to the conclusion that any change of the state of resources in time, expressed as a difference in values, is a good description. If the change does not depend on the way but the initial and final values of the state, it is useful in describing management processes [18] . Some successful descriptions offered by Econophysics demonstrate reasonable analogies [37, 38] . But the most interesting approach is the description of management through some changes in the utility of resources. Ever since Debreu, utility has been the basis of the theory of generalized value. The application of vector space formalism to utility has been very successful [40] . Defining utility by a set of parameters representing categories allows not only the use of the metric vector space methods, but also takes into account the subjective assessment of the components of the vector of utility. The renormalization to 100% can offer a good scale for comparisons. The length of a vector of resources utility varies from 0 to 1. In this way, physical reasoning defines the method of measuring any changes of the utility vector components and their importance, regardless of the level of subjective assessment, and the instantaneous impact of the environment. In a normalized space, the measure of the usefulness vector is invariant to its surroundings and time. But there is another question: is it possible to decompose the analyzed process into a linearly independent sum of canonical processes, as it takes place in physics? In management, it may be concluded that the total number of decisions in various processes results in global changes in the organization. However, in the case of strategic management it is not possible to create a priori a Cartesian set of decision processes because a strategy cannot be decomposed into separate substrategies. A strategy is a multiple-choice option construction realizing as a set of consecutive decisions [1] , depending on each other. Therefore, reasoning taken from natural sciences can help optimize strategies formulation based on the Bellman theorem. Another important example is the use of the Brownian motion theory for management processes with stochastic properties, such as risk management, portfolio definition, etc. [41] . The stochastic description of problems with the Wiener property uses the famous Monte Carlo method [42] and polynomial simulations. It should be noted, however, that the main condition of its applicability is the existence of an acceptable semantic model (a well-established analogy).
4. Forecasting and planning (strategy). It is a very important part of managing the organization or an economic process. It requires decisionmaking under the conditions of uncertainty based on some internal and external data. The most characteristic feature of physical reasoning in this case is the description of consequences of consecutive decisions and the Markov property of the formed strategies along time [1] . The most appropriate analogies may derive from chemistry: polymerization reactions as a stochastic process leading to similar but different products, and the radioactive decay explaining the kinetics of the first-order processes. For strategy formulation, the shorter interval for optional decisions, the better prognoses are possible in subsequent subintervals. Similarities between applied methods in physics and management should be found primarily in the problems related to the applicability of the binomial distribution, in particular some concepts of quantization with the binomial trees method related to options, portfolio management [43] and risk management using optional scenarios [44] .
Typical quantitative methods of management
Management uses a wide range of evaluation methods supporting the quantitative description of problems [17] , mainly related to the quantitative support of decisionmaking under the conditions of uncertainty and optimization processes. They mainly represent the domain of management science called operational research [24] , which remains in analogy with the mathematical methods of physics. The close relations between counting methods and models used in both cases may be discussed. Some examples include:
1. Linear programming used in the evaluation procedures of investment projects. One may find it analogous to the isoparametric problem with constraints, well known from mechanics [45] . In management, an interesting algorithm called the simplex method is widely used. It allows a simplified solution to the system of linear equations with constraints [17] . In feasibility studies, acceptable solutions to any real problems are always restricted to positive values (labour, capital, the amount of resources, etc.) and defined by real numbers, which distinguishes them from constraints in physics, where negative values are not prohibited, and even in quantum mechanics, where the vector space of complex numbers may be used [45] . Searching for deeper analogies in relation to linear space formalism seems to be very interesting.
2. The game theory is one of the most important methods of describing interactions between the managed entity, the surroundings and economic micro and micro--macro equilibrium [18] . Similarly to physics, the game theory allows an analysis of the balance state strategies and trajectories, e.g. pursuit-evasion games in metric spaces [46] . But this method is far more important in social science. Despite the von Neumann theorem and its applications used without fulfilling the conditions of its use, it is always a source of valuable metaphors. Adapted from physics, the methods of minimax determinations are valuable analogies for quantitative aspects of management. The newsboy problem is one of the best examples [50] .
3. Optimization methods, in particular the variational methods and the algorithm of consecutive approximations (adaptive management) [47] , commonly used in physics, are important in operations research [17] . The analogy between physical reasoning and operations research methods is very close, and the solutions reached, like the above-mentioned newsboy problem with discontinuous or continuous payoff function [24] , logistic problems or similar tasks, are experimentally validated. There are no examples of the use of perturbation accounting in the minimax approach to management, but one can expect that in the study of economic interactions with the use of the RBV model and a given analytical objective function, the perturbation theory may be applied for the reduction of ceteris paribus influence.
4. Statistical methods are the basis of quantitative management problems analysis of the non-deterministic type [17] . Statistical physics may be a source of scientific inspirations and can offer valuable research methods for social sciences, particularly for economics and management. Taking into account the specific similarities between the description of physical phenomena and the economic ones, econophysics should be recognized as the most successful venture in the analysis of the stochastic behaviour of stock indices, income distribution, etc. [39] . The analysis of the optimum portfolio or statistical distribution of assets (e.g. the Black-Sholes formula, or the method of binomial trees) are the foundations of the methodology of risk management [43] . Also, the one--dimensional Ising model of ferromagnetism in economy has been used with success [30] and still appears interesting [51, 52] . As far as the probabilistic methods are concerned, the analysis of processes with the Markov property should be distinguished. In strategic management, it is the basis of the real options approach [1] . However, in many cases social sciences abuse the stochastic methods without justifying their applicability, e.g. the chaos theory, turbulence, etc. [20] . Some researchers are convinced about not only their metaphoric sense, but also a deep level of their analogical properties without giving any statements to support these hypotheses. This area of quantitative methods and models derived from physics, relating to interactions and simulations of achieved results, can be successful in management science.
5. Network analysis and fuzzy logic used in decisionmaking [24] are important parts of management science, where similarities to strictly physical inferences are very well conditioned. Also, the creation of numerical representations of decision problems is a scope of neural network and the Bayesian logic approach. In this case, computerization standardizes the method of setting ranges, thresholds and switching functions (or systems of equations) describing the control processes [18] . The lower the level of management (e.g. operational control of the production process), the more decision-making models are acceptable. In the case of strategic management, an analogy to hardcore sciences may be used occasionally, because the decisions taken are in general not subjected to measuring procedures and remain axiological evaluations in the multicriteria analysis sense [17] . Although everyone making decisions would like to get some quantitative support for his extrapolation of the results of uncertain decision related to the future, seeking analogy sets model parameters for decision-making at the higher level of meta-analysis, and logical fuzziness based on patterns of information is observed.
Some current problems connected
with the analogies
1.
Resource Based View of an organization. It is the model of organizational description that is the closest to the formal physical systems description. It treats organizational resources as measurable objectives grouped in a given structure with a defined topology, possible internal relations and defined interactions with the surroundings. In this way, there exists a set of macroscopic parameters allowing an average description of the objective function regarding some changes of the resource set. It is also possible to define the state of the resource set at a given moment of time. What is more, assuming resources as objects of the utility vector space, all benefits of vector space formalism are available for the description of the transformation of the resource set in time. As a result, linear operator formalism from quantum mechanics can be a very useful analogy for the study of changes in management. It is a powerful tool in the utility theory, the theory of value and the theory of measurement in management.
2. Strategic planning and forecasting. The 2008-2009 financial crisis introduced a faux pas in the existing quantitative models of strategy building and forecasting. Management is waiting for new models that would be more accurate and easier to estimate. Too drastic simplifications of the reality, as well as the wide postponing influence of the existing ceteris paribus in analytical models of econometry, make it impossible to estimate with any satisfying accuracy the uncertainty of any forecast. No deterministic models exist, and all the probabilistic approaches should evaluate the suitable level of accuracy. There is still an open area left for the adoption of estimation methods derived from statistical physics. If one assumes that a given model of differential equation resolved with a subtractive method offers results evaluated with deficiency, whereas resolved with an integral method (e.g. Green's function method) [45] offers the same solution evaluated excessively, then the right solution is included in an estimable strip. The acceptance of such reasoning in time-dependent management questions may result in some interesting effects, taking into account the fact that for right decision-making, the exact number is not necessary, but rather a precise evaluation of uncertainty offers the crucial supporting information. In terms of physical reasoning, it is an interesting research area.
3. Models, numeric representations and computer-aided decision-making.
Before supporting any decision processes by means of computers, or receiving necessary data for further meta--analyses, it is necessary to find a suitable semantic model and its numeric representation. Since the majority of management aspects are non-mathematical problems, the difficulty of formal description, introduction of measure and elimination of subjective influence has arisen. Furthermore, the problem of the acceptable Cartesian division of a complex problem and ceteris paribus estimations are necessary to resolve. Physical reasoning allows to formulate five important conclusions: The application of the above principles of modelling results in a consistent set of management paradigms, leading to measurable logical separations of problems for which there are always numerical representations andas a consequence -a corresponding set of syntactic representations. The IT support is crucial at the operational level of management. The higher the level of management, the less important the syntactic information becomes. There are examples of choice and switching in non-mathematical problems solved with neural networks without precise syntactic solutions [53, 54] . However, in those cases the semantic model and its measure must be defined.
4. Nonlinear problems of management and optimization. These management issues are related primarily to the decision-making analysis, where the objective function cannot be expressed by means of linear dependence or linear combination of independent variables (a system of linear equations). These are mainly issues related to optimization, feasibility area, optimal portfolio, sensitivity and multicriteria analysis. Nonlinear problems may also include conflict situations, for which the right solution is obtained from the game theory methods. More aspects of this section were discussed earlier.
5. Axiological evaluation of management. Any act of governance is assessed in terms of the good, evil, rationality, justice, etc. It is necessary to define the measure and measurement methods allowing the categorization of the results. Such methods are often based on the comparison with a model determining the point scale, finding a switching level, etc. When introducing the analogy with a physical experiment to evaluate the management problem axiologically, it is necessary to set a level of rationality and objectivity of the selection, which usually is neither simple nor clear. That is why the support of the methods of philosophy of science at this point is of particular importance.
6. Quantification, measurement, rationality Is accurate information necessary for making a proper managerial decision? Generally -not. Is accurate information necessary for making the right hypothesis related to the experiment in physics? Generally -yes. This is the field of the greatest discrepancy between physical reasoning and inference in management science. Does it mean that the method of quantification and measurement taken from physics is not applicable in management? No, simply because there are no better methods. The main problems lie in the rationality of categorization, the choice of scale and the acceptable description method (e.g. vector space formalism). In management, quantification is severely limited in use, Simon's theory of bounded rationality is universally recognized [11, 18, 26] and so it is crucial to demonstrate that an increase in the level of subjectivity and rationality constraints does not affect the scale or definition of measure. It has been proved that the limitation of rationality in issues for which measure is defined as a length of utility vector changes only coefficients of linear combination, but does not alter the definition of the measure (it is still the length of the vector) [13, 18] . Subjectivism changes the significance of categories of general utility, but still applies to the measurement definition in any isomorphic vector space. It is a nice analogy to physical reasoning.
Conclusions
Which methodological area of physics may be shared with management science? The aspects listed below seem the most promising:
(1) The description of a system of objects (e.g. a multi--body system of interacting bodies). Inspirations derived from this area allow a mechanistic, thermodynamic and stochastic approach to social science systems (as it is done in econophysics).
(2) The mechanistic approach defines the state of a system in space, introducing the internal and external observer, and allows an estimation of a trajectory. The most important inspiration here is the movement in the central forces field and mechanical definition of force, energy and potential, enabling the inference of changes in time. The RBV model largely stems from the fundamental principles of description of physical bodies, their measurable properties and interactions.
(3) Thermodynamics allows a valuable inspiration of the micro state definition by a system of macro parameters. In addition to this, strict formalism of classical thermodynamics is particularly suitable for defining the function of state and its time dependence. The ideal gas model is an inspiration for the description of economic interactions of micro systems at the macro level. Some successful analogies in the econophysics domain may be demonstrated.
(4) The stochastic approach is a very useful tool for forecasting the behaviour of economic systems. Description methods based on the Brownian motion, moving average, variable auto regression are used for supporting decisionmaking. The Monte Carlo method, well-known in physics, is a fundamental tool in risk analysis and optimum portfolio calculations. The stochastic methods derived from physics are crucial in management.
However, the most useful contribution to the management of physical reasoning would be the introduction of a widely accepted definition of the managed system from the perspective of an external and internal observer, and the state of the system at a given moment of time. This would change the description of a system state as a function of state, equation of state, or linear operator. Unfortunately, the majority of management objectives do not have any abstract representation, allowing the introduction of an acceptable definition of the system. Hence the need to create an analogy to natural sciences, enabling the construction of semantic models for which a symbolic representation always exists.
The main consequence of physical reasoning in the management science is a new epistemology in terms of the physicalistic approach, which might provide a uniform point of view. It gives a clear picture of the selective demarcation based on the existence of a measure. This view must be confronted with the epistemologies derived from the standpoint of sociology and social sciences, psychology and economics with econometrics and operation research. Some common paradigms and universal statements may be found at the cross-section of all the views, and clear epistemological foundations of the order may be fixed. The presented epistemology is a concept of the development of management science, where measurable problems are supported by behavioural aspects and described by optimum mathematical formalisms. The physicalistic approach eliminates very questionable metaphoric paradoxes encountered in the problems of strategy descriptions, which are simply an ill-posed problem, not only from the perspective of scientific methodology, but also the logic of scientific discovery. Hence the ordering universalism of the physical approach of any interdisciplinary set of issues, using the rules of formal logic and measurement theory.
